W UMi is a near contact, semi-detached, double-lined eclipsing binary star with an orbital period of 1.7 days. Simultaneous analysis of new BVR multi-color light curves and radial velocity data yields the main astrophysical parameters of the binary and its component stars. We determined mass and radius to be M 1 =3.22±0.08 M ⊙ , R 1 =3.63±0.04 R ⊙ for the primary star and M 2 =1.44±0.05 M ⊙ , R 2 =3.09±0.03 R ⊙ for the secondary star. Based on analysis of mid-eclipse times, variation in the orbital period is represented by a cyclic term and a downward parabola. Mass loss from the system is suggested for a secular decrease (-0.02 s yr −1 ) in the period. Both the mechanisms of a hypothetical tertiary star orbiting around W UMi and the surface magnetic activity of the less massive cooler companion were used to interpret periodic changes. Observational parameters were found to be consistent with binary stellar evolution models produced in the non-conservative approach of MESA at a higher metallicity than the Sun and an age of about 400 Myr for the system. Evidence that the system is rich in metal was obtained from spectral and kinematic analysis as well as evolution models. W UMi, a high mass ratio system compared to classical semi-detached binaries, is an important example since it is estimated from binary evolutionary models that the system may reach its contact phase in a short time interval.
INTRODUCTION
In the field of astrophysics, the role and importance of double-lined eclipsing binaries (EBs) is well known. EBs provide accurate determination of absolute parameters, mainly the radius and mass of the components from simultaneous analysis of light and radial velocity curve data. Moreover, they are good indicators of distance.
Semi-detached Algol binaries (SDBs) consist of a less massive, sub-giant or giant secondary component of F-G-K spectral type and a hotter, more massive, main-sequence primary component which is B-A spectral-type. In this type of EBs, the secondary companion, which fills its Roche lobe, can display the loss of angular momentum and mass transfer to the more massive companion. In long period Algols with orbital periods (P) longer than 5-6 days, we can expect permanent accretion disc because of the accretion structure of the primary component (Kaitchuck & Honeycutt 1982) . On the other hand, Algols with P<3-4 days show temporary weak accretion structures or the evidence of a mass transfer process cannot be observed. SDBs are important because they display meaningful astrophysical processes and are useful for studying binary star evolution when taking into account the effects of mass transfer and loss.
Near-contact binaries (NCBs) are within the intermediate class according to Roche classification (Shaw 1994) . Semi-detached Algols may be also a member of SD2-type of NCBs, if the massive companions are very close to their inner Roche lobes (Zhu & Qian 2009 ). NCBs can be investigated to study the evolutionary process of a possible transition from detached binary to semi-detached binary, and also from semi-detached binary to contact binary. In this study, semi-detached binary W UMi is a SD2 type NCB candidate system. W UMi, (HIP 79069, BD+86 244, SAO 2692 ) is a classical Algol-type binary system with an orbital period of about 1.701 day, was discovered by Astbury (1913) . The first spectroscopic study of W UMi was carried out by Joy & Dustheimer (1935) who measured the radial velocity (RV) values associated with only the primary component and estimated the spectral type to be A4 for the component. In a later spectroscopic study by Shade (1945) , because of determining lines belonging only to the hotter primary component, W UMi was again classified as single line spectroscopic binary. Recently, Park et al. (2018) presented a spectroscopic and photometric study, which includes RVs of the primary and secondary stars and an orbital solution of the system.
UBV light curves (LCs) of W UMi were acquired by Devinney et al. (1970) and solved by Russell-Merrill method. The same photometric data were re-analyzed by Mardirossian et al. (1980) . Recent analysis of the LCs for the system was reported by Park et al. (2018) , in which the mass ratio (q) of the components was determined and used to be q=0.399. In addition, the temperature of the massive star was found to be 9300±90 K using spectral analysis (Park et al. 2018) . Therefore, the basic astrophysical parameters in that study were estimated as different from previous studies (e.g. Mardirossian et al. 1980; Djurasevic et al. 2003) . Payne-Gaposchkin (1952) firstly reported changes in the orbital period of the target. Orbital period variations of W UMi were interpreted as being in continuous decrease and also experiencing sudden changes as a result of mass loss by Nakamura et al. (1998) . Lastly, Kreiner et al. (2008) announced a decrease and also a cyclic variation in the period. The cyclic changes were interpreted with a probable third body in the system specified as a M dwarf star.
The present study presents an analysis of new photometric and spectroscopic data and also the evolutionary status of W UMi, taking into account binary effects. Section 2 includes information on photometric and spectroscopic observations. RV values of the companions, properties of the system's orbit, and also the model atmosphere application are given in Section 3. Simultaneous analysis of the photometric multi-color LCs and RV data of the components are reported in Section 4. In the next section, we focus on probable factors causing variations in the period of the target. The following section includes the main astrophysical properties of the components and also evolutionary scenarios for W UMi. Finally, a discussion about the results and conclusions is presented.
PHOTOMETRIC AND SPECTROSCOPIC OBSERVATIONS
The differential BVR LCs of W UMi were observed during April -May 2012 on 9 nights at the Observatory of Ç anakkale Onsekiz Mart University using the 30-cm diameter Schmidt-Cassegrain telescope with STL-1001E camera. We chose GSC 4655-00320 (V = 9 m .79) and GSC 4651-00275 (V = 11 m .03) as the comparison and check stars and no light changes were indicated for these stars during observations. We reduced the CCD frames obtained from each night's observation using C-Munipack code (http://integral.sci.muni.cz/). The mean errors were calculated as about 0 m .01 for all filters. The initial epoch T0 (HJD) = 2452500.3960 and orbital period P = 1.7011371 days taken from Kreiner (2004) were used to calculate the orbital phases in the LCs.
Spectroscopic data of the target were acquired with a 0.91 meter diameter telescope equipped with ećhelle spectrograph (FRESCO) at Catania Astrophysics Observatory. FRESCO has a resolving power of about about 20 000Å. A CCD camera of 1024×1024 pixels (size 24×24 µm) with a thinned back illuminated SITe was utilized. The spectral data were recorded in 19 orders from about 4300 to 6650 A. Signal to noise (S/N) ratio showed variations between 30-50 in the Hα continuum region. In the spectroscopic observations of W UMi, Vega (A0V) and α Boo (K1.5 III) were selected as the standard stars for the hotter primary and cooler secondary companions, respectively. According to atmospheric conditions, exposure times between 2500 and 3300 seconds were given for a total of 16 spectra obtained. For the data reduction, we used the ECHELLE task of IRAF code, including the following steps: light subtraction from background, division by a flat field obtained by a halogen lamp, wavelength calibration with the spectrum of a Th-Ar lamp, and normalization of the spectra to the continuum.
SPECTROSCOPIC ANALYSIS

RV Measurements and Orbit Properties
In the spectroscopic studies by Shade (1945) and Joy & Dustheimer (1935) , merely the RV measurements of the primary component were determined. W UMi was known as a single-lined binary until the study of Park et al. (2018) , who measured the RV values of both companions and reported orbital parameters. In order to test the orbital parameters found by Park et al. (2018) , we aimed to calculate the orbital solution using our own data by measuring RVs of both components with many more absorption lines.
The radial velocity measurements of W UMi were made using the IRAF task FXCOR which includes the cross-correlation technique, commonly used for this aim. RVs of the hotter, primary component and cooler, secondary component were calculated from 12 and 11 spectra, respectively. We eliminated 2 spectra from the 16 spectra due to large errors while the RVs were designated for the primary component. The standard stars Vega (A0V, RV = -13.9 km s −1 ) for the primary star and α Boo (K1.5III, RV = -5.9 kms −1 ) for the secondary star were selected as templates for application of the cross-correlation method. Na I D2 and Hα lines were excluded in the spectroscopic analysis in order not to be affected by mass transfer and magnetic activity. Furthermore, we did not use the regions affected by telluric lines. Finally, the wavelength region between 4400 and 6000Å was preferred to measure RV values of the hotter and cooler companions.
The RVs of the components and their errors determined from spectroscopic analysis are listed in Table 1 . The weighted averages of the RVs were determined from the cross-correlation of each order of W UMi spectra used, with the corresponding order of the spectra of standard stars. Calculation methods for the weighted means of the RVs and their errors can be found in several studies (e.g. Frasca et al. 2000; Soydugan et al. 2007) .
The secondary component is dimmer than the primary component in the W UMi system. Therefore, the error values of the RVs of the secondary component were found to be larger. The error values computed from RV measurements are approximately 5 km s −1 and 10 km s −1 for the hotter and cooler components, respectively. The accordance of observational points with theoretical curves is presented in Figure 1 . The spectroscopic orbital parameters given in Table 2 were used as input parameters in the simultaneous analysis of light and RV curves data. According to the orbital parameters, it is clear that the semi-amplitude for the RV changes in the secondary component (K 2 ≈197±3 km s −1 ) and mass ratio of the companion stars (q=0.460) were found to be different from those given by Park et al. (2018) .
Model Atmosphere Application
In order to model the spectra of W UMi, especially the dominant more massive, hotter companion, the observed spectrum at the orbital phase of about 0.5 was used. We preferred the spectrum given by Park et al. (2018) since the spectrum is around the secondary minimum and also has higher resolution. It is almost impossible to determine the atmospheric properties of the cooler secondary companion of W UMi because of its low light contribution (5-10%) to the total light of the target in the optical region.
Our main goal in the spectral synthesis was primarily to test whether the metallicity of the primary component is different from that of the Sun since binary evolution models indicate that the system is rich in metal as seen in Section 6. 
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1.31 ± 0.06 1 Kreiner (2004) For modeling of the spectrum, the code of Spectroscopy Made Easy (SME) was chosen (Valenti & Piskunov 1996) . The software can be used for fitting the observed spectrum with the spectral synthesis method. Atmospheric parameters of the hotter component of W UMi were determined by interpolation of the ATLAS model atmospheres (Kurucz 1993) included in SME software. We have used the line information from the Vienna Atomic Line Database (VALD; Piskunov et al. 1995) . The spectral region 4460-4560Å, including several absorption metallic lines and also Hα line were used for the application. The temperature (T ef f,1 =9310±90 K) and projected rotational velocity (v 1 sin i=107±5 km s −1 ) of the hotter companion were derived. During the model atmosphere analysis, the value of surface gravity of the primary component (log g 1 =3.83±0.02), which was calculated from the results obtained from the simultaneous analysis of the light and radial velocity curves, was taken as constant in order to avoid parameter degeneration. All atmosphere parameters were found in accordance with the values given by Park et al. (2018) . On the other hand, although Park et al. (2018) made spectral analysis under the assumption solar metallicity, our results displayed higher metallicity than the Sun for the system.
Iron content was used to estimate metallicity of the primary component since the [Fe/H] ratio is easy to measure in the optical spectra. We measured the [Fe/H] ratio to be about +0.5±0.2 from the spectra obtained at the orbital phase of about 0.5 (HJD 245284.3062) by Park et al. (2018) . The measured [Fe/H] ratio was converted to metallicity (Z) value as Z≈0.05. Comparison between the observed spectrum of W UMi and the synthetic spectrum for solar metallicity and Z=0.05 can be seen in Figure 2 . This Z value indicates that the primary companion may be a metal-rich star compared to the Sun, which coincides with the evolution models in this study. 
SIMULTANEOUS SOLUTION OF BVR LIGHT AND RV CURVES
The RV values of the companions and multi-color LCs of W UMi acquired in this study were simultaneously analyzed by Wilson-Devinney (WD) code (Wilson & Devinney 1971) . All magnitude values obtained from observations in B,V and R bands were normalized to unity around the orbital phase of 0.25. In the WD solution, we used 2930, 2905 and 2890 observational points in B,V and R filters, respectively. All observational points were of the same weight during the analysis. In order to decide accurate MOD in the solution, firstly, we tried the MOD2 given for detached systems. As the surface potential of the less massive, secondary star reached its Roche limit, the analysis was continued and the process was completed with MOD5 corresponding to semi-detached systems.
During the solution, we fixed some parameters as constant while others were used as free. Fixed parameters were the limb-darkening coefficients from van Hamme (1993) , the values of bolometric albedos as 1.0 and 0.5 from Rucinski (1969) , the gravity darkening coefficients for radiative atmospheres to be 1.0 from von Ziepel (1924) and for convective atmospheres they were 0.32 from Lucy (1967) . The rotational parameters (F 1 ) and (F 2 ) of both two components were selected as 1.0, assuming synchronous rotation for both companions. A circular orbit (e=0) was accepted as obtained from the solution of the spectroscopic orbit. The free parameters were the inclination (i) of the system's orbit, temperature of the cooler, secondary (T 2 ), surface potential of the hotter, primary (Ω 1 ), phase shift, mass ratio (q), semimajor axis (a) of the orbit, radial velocity (V γ ) of the system's mass center and the fractional value of the primary luminosity (L 1 ) during iterations.
In the analysis, the leading parameters were the temperature of the hotter star and mass ratio of the companion stars. The temperature of the more massive, primary companion was chosen as being 9310 K as given by Park et al. (2018) , which is tested in this study by applying spectral synthesis around the Hα line region and also in the wavelength range 4460-4560Å. Because of the difference between the spectroscopic mass ratio obtained in this study and the q value determined by Park et al. (2018) , photometric q-search was performed using the light curves obtained in this study. As a result of this scanning, the minimum value of (O-C) 2 (the weighted sum of the squared residuals) was obtained around q=0.44, which is close to the spectroscopic q value in this study. Therefore, the mass ratio value (q) of 0.460 listed in Table 2 and obtained from the orbital solution was used as the input parameter in the solution. In the results of the photometric modeling, the mass ratio obtained was 0.447, which is very close to the spectroscopic mass ratio value.
In order to test the third light contributing to the total light of W UMi, a third light parameter (l 3 ) was chosen as a free parameter. The third light was accepted to be zero during the iterations since a meaningful value was not obtained for l 3 . The physical and geometrical parameters derived from simultaneous analysis of the RVs and multi-color LCs are listed in Table 3 . Comparison of observational points and model curves are shown in Figure 3 . Roche lobes together with the binary display in accordance with parameters determined from the analysis of BVR LCs indicate that while the secondary component fills the Roche lobe, the primary companion fills about 85 % of its inner lobe (see Fig. 7 ). Although W UMi is classified as a classic Algol-type eclipsing binary, it is a candidate showing characteristics of a near contact semi-detached binary system, according to results in Table 3 and also Roche geometry in Fig. 7 .
ORBITAL PERIOD VARIATIONS
Classical Algol-type eclipsing binary stars or SDBs may indicate changes in their orbital periods with different forms. This can be seen for many systems in the O-C catalogue of eclipsing binary systems (Kreiner at al. 2001) . Some SDBs show upward or downward parabolic changes together with cyclic variations or not, although an increase in the orbital period can be expected due to their evolutionary status. This reveals that different physical processes (e.g. mass loss and/or transfer, magnetic activity, existing unseen components) can be effective at the same time or some can be more dominant from time to time.
In this study, the orbital period behavior of semi-detached binary W UMi was studied over a time interval of about a century. In addition to three minima time obtained in this study which are given in Fig. 3 : BVR light curves of W UMi along with theoretical fits. Table 4 , 201 eclipse times (172 visual (v), 2 photographic plate (p) and 27 photoelectric (pe) and CCD) were used in the analysis. The data were taken from the "O-C Gateway" (http://var2.astro.cz/ocgate/) and the literature. In this study, analysis was carried out based on O-C data as used for many eclipsing binaries (e.g. Soydugan et al. 2011a; Zasche et al. 2008; Yang 2013) . As noted by Kreiner et al. (2008) , parabolic and cyclic changes in the O-C graph of the target system are clearly seen. Therefore, the O-C data represents a cyclic term superimposed on a parabola. A secular decline in the orbital period of semi-detached binaries does not coincide with the evolutionary status of these systems since their less massive components are filling their Roche lobes and transferring their mass to the hotter, more massive companion. However, the dominant mechanism may be mass and angular momentum loss from the binary. The cyclic variation can be the result of a tertiary star in the 
where T o (reference time for primary eclipse) and P (orbital period) are the light elements of W UMi, while the time delay resulting from an unseen star in the close binary is represented by ∆t. The LITE equation as described as a time delay, which is given by Irwin (1959) is commonly used for the analysis of changes in orbital period (e.g. Soydugan et al. 2003 Soydugan et al. , 2006 Zasche et al. 2014 ). The parameters derived from the analysis applying the quadratic term and LITE to O-C data are reported in Table 5 . Distribution of O-C values, applied model fits and also residuals from the theoretical representation are indicated versus years and also epoch numbers in Figure 4 . LITE parameters in Table  5 indicate that W UMi has an eccentric orbit around the mass-center of the triple system with a period of ≈71 yrs. The projected distance of the close binary's mass center to the mass-center of triple system (a 12 sini ′ ) was calculated as 2.99 AU. These values of the two parameters allow us to estimate the mass function of the possible tertiary star to be f (M 3 ) ≈ 0.0053M ⊙ . Therefore, the minimum mass of the unseen companion was calculated to be 0.49 M ⊙ . The amplitude of RV changes of the mass-center of W UMi, relative to that of the third-body system, would be 2.6 km s −1 , which can be detectable spectroscopically if spectra can be obtained with a high resolution and high signal-to-noise ratio. We found the maximum angular separation between the tertiary component and the close binary to be approximately 0 ′′ .12 for a distance of 414 pc which was taken from the Gaia-DR2 database (Gaia Collaboration et al. 2016 , 2018 . Cyclic O-C changes for W UMi can be also interpreted as possible magnetic activity on the surface of the cooler companion. Applegate (1992) proposed a model to interpret this type of variation in the periods of close binaries, which was applied to many active close binaries, including at least one star with an outer convective envelope. We used the basic sinusoidal equation to model the cyclic changes of the O-C values of the target as applied to many active binary stars (e.g. Tian et al. 2009; Zhang et al. 2019) . Using the method of differential correction, the parameters of the sinusoidal changes were derived and are listed in Table 6 , together with the Applegate model's parameters. The rate of the modulation period, resulting from the magnetic cycle of the cooler, less massive star in the system was calculated as ∆P/P ≈ 5.5×10 −6 , while the average sub-surface magnetic field of the companion of late spectral type was estimated to be ≈2.7 kG. The model parameters in Table 6 for W UMi were found to be consistent with those proposed by Applegate (1992) .
The value of the quadratic term (Q) is indicative of a decline in the period of the target, with a rate of dP/dt= -1.55 × 10 −7 yr −1 due to mass loss from the close binary. Under the assumption of mass transfer from the less massive component to the more massive one at a rate of 10 −8 M ⊙ yr −1 due to the semi-detached status of W UMi, the amount of mass escaping from the system can be estimated to be dM/dt= -5.8 × 10 −8 M ⊙ yr −1 . The calculation method for the rates of mass loss, together with mass transfer in the system, can be seen in the study of Soydugan et al. (2011a) .
ABSOLUTE PROPERTIES AND EVOLUTIONARY STATUS
The fundamental astrophysical parameters of the semi-detached binary W UMi were determined with the simultaneous solution of BVR multi-color LCs and the RV data of the companion stars. Although W UMi is classified as a semi-detached Algol-type binary, a cooler, less massive star fills its Roche volume as expected, but another hotter component fills about 85 % of its Roche lobe according to the photometric solution. Therefore, the system should be considered as a near-contact semi-detached binary. The absolute parameters, which were computed using the parameters listed in Table 3 , are shown in Table 7 . The bolometric correction values of the companions used in the calculation were chosen from From the simultaneous solution of the RVs of the companions and multi-color photometric data, the mass and radius of the hotter primary star were calculated to be 3.22±0.08 M ⊙ and 3.63±0.04 R ⊙ , respectively. The designated mass value corresponds to the B8 spectral type according to the absolute parameters of main sequence stars by Eker et al. (2018) . The radius value of the primary component was identified as being fairly large for the B8 spectral type. The log g value of the secondary star and its other basic parameters indicate that it is a distorted sub-giant star, as confirmed by photometric results. The photometric distance of W UMi was found to be 422±40 pc using the absolute parameters and interstellar reddening given in Table 7 . We estimated the value of the color excess, E(B-V) value to be ≈ 0 m .10 from the galactic extinction maps of Schlegel et al. (1998) . The calculated distance is compatible with the value, 414±5 pc, given by the Gaia-DR2 database (Gaia Collaboration et al. 2018) within error limits.
We also calculated the components of space velocities (U,V,W) based on the proper motions and parallax value from Gaia-DR2 database (Gaia Collaboration et al. 2018) , and also the velocity of the mass-center of the system from this study. Differential corrections for the space velocities were calculated using the formulas given by Mihalas & Binney (1981) , while the corrections for the local standard of rest were according to the study of Coşkunoglu et al. (2011) . The corrected space velocity values were found to be (U,V,W) = (-27.9±0.7, -16.6±0.9, -2.2±1.2) km s −1 , while the total space velocity of W UMi was calculated as 32.5±1.7 km s −1 . The basic kinematic characteristics of the system indicate that it may be a member of the thin disk of our galaxy, according to the criteria of Leggett (1992) .
In order to investigate the evolutionary states of the near-contact binary W UMi, binary evolutionary models were generated with version 8845 of MESA code (Module for Experiments in Stellar Astrophysics) using the binary module (Paxton et al. 2011 (Paxton et al. , 2013 (Paxton et al. , 2015 (Paxton et al. , 2018 . Models were constructed under two different approaches (conservative and non-conservative mass transfer) and also the different initial values of the components' masses (M 1−i and M 2−i ), initial orbital period of the system (P orb−i ), and also metallicity (Z). Thus, a large number of models were produced in order to search for compliance with the observed parameters of the system. During the model generation process, the initial mass varied between 2.35 and 2.95 M ⊙ for the primary component and between 2.35 and 4.45 M ⊙ for the secondary component, while we changed the initial value of the orbital period from 1.3 to 2.3 days. The metallicity value was also altered from Z=0.01 to Z=0.06 for both the conservative and non-conservative models. We also used parameter α, meaning the fractional mass loss from the system in the vicinity of the secondary component as defined by Soberman et al. (1997) , as a variable during calculations for the non-conservative models. In addition, magnetic braking effect (Rappaport et al. 1983 ) was also used in the model's calculations by considering the current mass of the cooler component in order to take into account the angular momentum change of the system during evolution. Applications of the binary module of MESA code to reveal the evolutionary state of binary stars can be found in several studies, which includes information on model calculations and explanations of the used parameters (e.g. Paxton et al. 2015; Streamer et al. 2018; Rosales et al. 2019) .
The possible binary star evolution models, which we can use to explain the evolutionary status of W UMi, were investigated comparing the surface gravity (log g) and radii of the companions from the models and analysis of observational data. Model parameters from MESA are listed in Table 8 , which are given under the approaches of conservative and non-conservative mass transfer. As seen from the table, we calculated models for solar metallicity (Z=0.014) and also for metal-rich mode with Z=0.055, which gives a better match with the parameters of the target derived from analysis of the observations. In Figure 5 , the locations of both companions of the system in the diagram of log log L -log T ef f together with the evolutionary models from the MESA binary module with solar metallicity and also Z=0.055 were produced under the assumptions of conservative and non-conservative evolution. It can be seen from Figure 5a that the models produced for solar metallicity do not show good compatibility with the current properties of the companions of W UMi. Figure 6 indicates the radii variations and also massluminosity relations of the components during non-conservative evolution for Z=0.055. Evolutionary tracks in Figures 5 and 6 were generated by MESA for the initial masses of the components in Table 8 .
In the non-conservative approach, models were produced for different values of the fractional mass loss parameter (α). The best match with the current parameters of the system was α = 0.7. In that case, the system's age was estimated as ≈400 Myr, while conservative models with Z=0.055 give an age of ≈880 Myr. 7 DISCUSSION AND CONCLUSIONS SDB type binaries are valuable for investigation of the evolutionary phases of close binaries and the processes affecting evolution, such as mass transfer and loss. On the other hand, it is not easy to obtain the absolute parameters of these systems due to faint secondaries in the optical region and also mass transfer and loss events. In the catalogue byİbanoglu et al. (2006) there are only 38 eclipsing doublelined SDBs, and so far the number of these systems has not greatly increased, although many optical LCs of the SDBs have been gained from several ground-based surveys (e.g. ASAS, SuperWASP) and satellites (e.g. Hipparcos, Kepler, TESS). W UMi is a double-lined semi-detached binary and is also close to the contact phase, as indicated by recent analysis. The target can therefore be classified as a near-contact, semi-detached binary based on the description of Zhu & Qian (2009) because the hotter component appears to fill approximately 85% of its inner Roche lobe. It is worthwhile studying W UMi from this aspect and the reasons are as follows: i) to derive the main absolute parameters of the companion stars based on both spectroscopic and photometric analysis, ii) to investigate its orbital period variation, and iii) to examine the evolution of the system by producing binary evolution models under both the conservative and non-conservative mass transfer approach. The simultaneous analysis of LCs and RV data gives a mass ratio value (q=0.447±0.005) greater by ∼8% than the value given by Park et al. (2018) , which is due to the different measurements of RV data of the components. Therefore, it can be said that the mass of the primary component is found to be smaller but its radius is larger, when we compare them with the values of Park et al. (2018) . The errors calculated for the masses and radii of both components are in the order of 3% and 1%, respectively. From the spectral synthesis analysis, it may be suggested that the system has a higher metallicity ([Fe/H]≈0.5±0.2) than the Sun, as seen in Figure 2 , although solar metallicity was assumed by Park et al. (2018) . The metal-rich state of the system is supported by the fact that it is a thin-disk member, as derived from kinematic analysis as well as by binary evolution models. The surface gravity values of the cooler companions indicate that it is a sub-giant star. The hotter, primary component has a lower log g value than values of main-sequence stars with the same spectral type and mass (e.g. Eker et al. 2018) . The mass of the gainer component is found to be larger than that of main sequence stars at the same temperature, which is most likely due to the evolutionary state of the target and the mass loss and transfer process, seen in the generated evolutionary models.
Mass transfer in classical SDBs takes place from the less massive component to the more massive star. Therefore, the orbital period of these systems is expected to increase. In the case of W UMi, the orbital period was found to be decreasing at a rate of -0.02 s yr −1 when we analyzed minima times reported in the last century. The decrease in the period may occur due to mass loss from the system (5.8 × 10 −8 M ⊙ yr −1 ). In addition to the secular changes, the O-C values of the target also show a cyclical change, which can be interpreted as a possible third body or magnetic activity on the surface of the active component (e.g. Soydugan et al. 2003; Zasche et al. 2010) . In this study, LITE analysis indicated that a tertiary companion around the close pair with a minimum mass of ≈ 0.49 M ⊙ and a period of 71 yrs may cause this kind of cyclic O-C variation. On the other hand, a significant third light (l 3 ) could not be determined during the analysis. In this study, the parameters obtained by applying parabolic and LITE terms to the O-C values in general are compatible with those obtained by Kreiner et al. (2008) , but various values have been found to be above the error level for some parameters (e.g. mass and orbital period of possible third body). Magnetic activity of the sub-giant companion with a temperature of 5240 K may be the cause of such cyclic variations in the O-C diagram. Therefore, the Applegate model was also used to explain the cyclic period variations of W UMi and the calculated model parameters were found to be compatible with those proposed in Applegate (1992) .
In this study, binary evolutionary models were propagated by MESA code to try to understand the present evolutionary status and to investigate the initial state of the system. Both conservative and nonconservative mass transfer approaches were used for the solar metallicity and also for the system having higher metallicity than the Sun. Although the conservative models with Z=0.05 are not far from representing the observational parameters of the target system, a better fit with the observational data was achieved in non-conservative models with Z=0.05 values. In some studies, it was reported that nonconservative models better represent the observational parameters of classical Algols (e.g. Sarna 1993; van Rensbergen et al. 2011) . The decreasing orbital period of W UMi determined by O-C analysis, which can also be seen for several Algols (e.g. Qian 2002; Soydugan et al. 2011b ), may also be considered as evidence to support non-conservative evolutionary models.
In the most compatible evolutionary models in non-conservative mode, the age of W UMi could be ≈400 Myr with an initial orbital period of 2.3 days, as seen in Table 8 . Important transition points for the evolution were also examined during the model calculations. The best non-conservative model matching the observed data suggests that the first RLOF (Roche-lobe overflow) started when the age of the target was ≈200 Myr and it had an orbital period of ≈ 1.4 days. The mass transfer rate in the system was calculated to be 1 × 10 −7 M ⊙ yr −1 during the first RLOF phase. In Figure 7 , variation of the orbital period (P) and mass ratio (q) of the companion stars can be seen during evolution until the contact phase. In addition, the current P and q values are indicated together with the present Roche geometry in Figure 7 . Non-conservative binary models show that the near-contact system W UMi may be a contact binary after about 40-50 Myr. It is estimated from the models that the values of P and q of the system will decrease until the contact phase ( Fig. 7) and when it reaches the contact phase, the orbital period and mass ratio will be ≈1.4 days and ≈0.3, respectively.
From the results in this study and also the literature, it is thought that investigation of W UMi type near-contact semi-detached systems is important to understand the nature of these binaries and also possible transition from semi-detached status to the contact phase during the evolution of close interacting binary stars. In the case of W UMi, more spectroscopic data with high-resolution and S/N ratios is needed to derive reliably the metal abundance of the system, to obtain clues for its mass flow and loss processes and to check the possible magnetic cycle of the cooler component and any unseen companion around the binary system. 0.00E+000 1.00E+008 2.00E+008 3.00E+008 4.00E+008 5.00E+008 0.00 1.00x10 8 2.00x10 8 3.00x10 8 4.00x10 8 Fig. 7 : Variation of orbital period (P) and mass ratio (q) of W UMi versus its age until system reaches contact phase. Position of system based on present P and q values, and also current Roche geometry (inner box) are indicated. Theoretical lines were propagated using MESA binary models.
